DNA constructs
respectively. PPARγ antibody (I-18) (Santa Cruz Biochemicals, sc-6285) and alkaline phosphatase (L-19) (Santa Cruz Biochemicals, sc-15065), were used at 1:50 dilution as preadipocyte and pre-osteocyte hMSC differentiation markers, respectively.
Cells on Fn-coated glass and on Fn-coated polyacrylamide (PAA) hydrogels
In the cell spreading experiments, 3000 cells / cm 2 were seeded per well of a 6-well-plate having 1 coverslip. For each experiment, cells were allowed to spread for the indicated time s and were subsequently fixed with 2 % paraformaldehyde in PBS for 10 min at RT. Cells were stored in PBS at + 4 ºC. Immunolabeling was performed within a week after fixation.
Confocal microscopy and image processing.
Samples were imaged either with a SP5 (Leica) or LSM780 (Zeiss) confocal microscope. Single nuclei and single cell imaging was conducted using a 63x/1.4 oil immersion objective. Larger fields were imaged using a 20x/0.7 dry objective. DAPI was excited with 405 nm, EGFP and Alexa-488 with 488 nm, Alexa-555 with 561 nm and Alexa-633 with 633 nm lasers. The laser intensities were maintained low in order to avoid photobleaching. The emission bands were 415 -465 nm, 498 -548 nm, 571 -621 nm and 643 -743 nm for DAPI, Alexa-488 or EGFP, Alexa-555 and Alexa-633 respectively. The PMT gains were adjusted between the images to avoid over/under-exposure. When imaging single nuclei, the voxel size was adjusted between 55 -75 nm in the xy-plane and 150-200 nm in the z-direction. Larger fields were imaged with a pixel size of 200 nm. The image sizes were from 512 x 512 to 2048 x 2048 pixels. The channels were collected sequentially and by using line averaging of 2 or 4.
The image stacks of single cells and nuclei were deconvolved using Huygens Essential software (SVI, Hilversum, Netherlands). A theoretical point spread function was used for the iterative deconvolution process. The refractive index of the embedding medium was determined based on the available information (Invitrogen) on the time dependence between the refractive index of the Prolong Antifade and the embedding time of the samples. The deconvolution was performed with the following software parameters, the image signal to noise ratio used in the deconvolution was 5, the quality threshold was 0.01 and maximum iterations a total of 200. The deconvolution results were carefully compared to the original data to verify the outcomes.
Subsequent image processing was accomplished using ImageJ 1 . To quantify the nuclei aspect ratios, the nuclei were first segmented from the lamin image stacks. This was accomplished in several phases: first, a maximum intensity projection (MIP) in the xy-plane was made from the stack. Then the average intensity of the whole MIP image was quantified. This average intens ity was used 3 times as a threshold to segment the nucleus area in the MIP image. This ratio was found to provide for a good separation of the nucleus from the background. The segmented nucleus area was then used as a mask to measure the mean intensity of the nucleus area in the MIP. Half of this resulting intensity was used to segment the nucleus from the original 3D-stack. Next, MIP of the segmented 3D nucleus was projected in the xy-plane and an ellipse fitting was performed, yielding information about the orientation of the nucleus. This orientation was then used to rotate the segmented nucleus data (whole stack) to yield nucle i with major axis oriented along the y-axis of the images. MIPs were later conducted in xy-and yz-planes. The ellipse fitting was performed to the resulting MIPs to yield aspect ratios in xyand yz-planes, along with projected nucleus area and circularity. Cell areas and shapes were quantified by first smoothing the undeconvolved data with 5x5 Gaussian kernel and by segmenting the cell boundaries from the images. The segmentation threshold was determined manually. Next, the cell areas, circularity and aspect ratios were measured similarly as described here for the nuclei shapes.
The apical-to-basal lamin intensity ratios were determined by taking a cross section from the middle of the nucleus. The intensities were then measured from a 1.5 -2 µm wide straight line pointing along the z-direction utilizing the cross section images. The apical-to-basal actin ratios were measured by first determining the geometrical center of the nuclei (the nuclei were segmented as above) and by measuring the highest phalloidin intensity form a 4 * 4 µm area from above and below the nucleus. All figures in the manuscript were compiled using Adobe Photoshop CS6 and Adobe Illustrator CS6 (Adobe Systems, San Jose, US).
PAA-cushion experiments
Uncoated PAA gels used as cushion were fabricated similarly as for the cell cultures. Briefly, the glass coverslips, 8 mm in diameter, were incubated with 3-aminopropyltriethoxysila ne (APTES) at room temperature for 3 min. The coverslips were washed 3x with nanopure water (Millipore) and incubated for 30 min with 0.5% glutaraldehyde (GA) in PBS at pH 7.4. These surfaces were again washed 3x with water and dried in air. Next, a small metallic washer 6.4 mm in diameter (m = 107 mg) was glued on to the bottom of the glass coverslip. The glass coverslips were placed to the bottom of 1.5 ml Eppendorf tube cap (washer side down) and the cap was subsequently filled with the PAA solutions to yield the specified PAA bulk rigidities 2 (0.48 kPa, 1.1 kPa or 4.5 kPa). The filled-in cap was covered with a clean glass coverslip and the gels were allowed to polymerize for 60 min at 37°C.
The cells were cultured on Fn-coated glass coverslips or on 0.48kPa Fn-coated PAA gels, in DMEM (#31966-021, Life-technologies) with 10% serum (FBS, #F9665, Sigma-Aldrich). 24 h after seeding, the cells were subjected to a 5 µg/ml Cytochalasin D treatment for 75 min (for cells seeded on Fn-glass) or 60 min (for cells seeded on Fn-PAA). The medium was then replaced with fresh DMEM (serum free) containing 5µg/ml Cytochalasin D and the cushion PAA hydrogel (diameter 8.4 mm) was carefully placed on top of the cells (Fig. 5d-k, S8 ).
Finally a small metallic washer (diameter 8.8 mm, mass m = 281 mg) was placed on top of the gel, yielding a total pressure of 70 Pa (Fig. S8) . After medium exchange, the control cells were kept in serum free DMEM with 5µg/ml Cytochalasin D. Both samples were placed in the cell culture incubator (at 37 °C). After either 45 min for cells seeded on Fn-glass, or 30 min for cells seeded on Fn-PAA), the cells under the PAA-cushion and the control cells were fixed by adding PFA directly to the cell culture medium (final concentration 2 %) followed by a 30 min incubation at RT. After fixation, the gels were carefully removed and the samples were immunolabeled.
Steered molecular dynamics (SMD) simulations
Following well established protocols 3 , steered molecular dynamics (SMD) simulations were performed with NAMD 4 using the CHARMM27 force fields 5 . The Ig-like domain of human lamin A/C (pdb: 1IVT, 6 ) was immersed in a water box filled with TIP3P molecules 7 with at least 15 Å padding between the protein and the box edge in all directions using the Solvate plugin in VMD 8 and neutralized at 0.15 M salt concentration. For the equilibration, the system was minimized for 2000 steps while keeping protein atoms fixed and further 2000 steps without restrains. The system was then thermalized to 310 K by raising the temperature 3.1 K every 100 steps and equilibrated for 10 ns. For the SMD simulations, the water box was adjusted to either 150 Å or 337 Å in the direction defined by the force vector. Constant tensile forces were then applied on the carbon alpha atoms of S428 and V549 in opposite direction but with equal magnitude. Simulations were performed under constant pressure and temperature (NPT ensemble) using Langevin dynamics with a damping factor of 1 ps−1 and Nose-Hoover Langevin piston method with a damping time constant of 50 fs and decay period of 100 fs as described. Long-range electrostatic forces were simulated using the particle mesh Ewald summation with a grid size smaller than 1 Å. Full electrostatic interactions were calculated every 4th step. Van der Waals interactions were calculated using a switching function starting at 10 Å with a cutoff at 12 Å. Rigid bond lengths and angles of water molecules were used and an integration step of 1 fs was chosen.
All simulations were performed on a Cray XE6 at the Swiss National Supercomputing Centre. Fig. 5d-k) 
